The conventional synchronous generators in wind energy conversion system are now getting replaced by variable speed induction generator to extract maximum power with wide range of wind speed limit. The design and performance of such systems requires a simplified digital simulator, especially for the development of a optimal control solution .The proposed work is to make a prototype of variable speed wind conversion system simulator for a required operational condition under variable wind speed. In this paper variable speed induction motor drive using scalar control is interfaced in wind energy conversion system as an alternative to make the real time wind simulator for wind energy researchers. The basic power curve from wind generator is carried out through d-SPACE and interface of induction motor through an inverter control system. The induction motor is operated in wide speed range using Volt /Hertz speed control scheme. The laboratory prototype consists of 3 kW, 415 Volt, 50Hz induction motor controlled by voltage source inverter for various wind speed. The paper demonstrates the steady state characteristics of wind turbine without dependence on natural wind speed using Volt/Hertz. The basic control strategy is implemented through hardware system. The result verifies that the wind turbine simulator can reproduce the steady state characteristics of a given wind turbine at various wind conditions. .
Introduction
In renewable energy source wind power has become most attractive. In order to improve the energy conversion efficiency of wind generation system, recently variable speed generations are getting used. The Variable speed operation yields 20 to 30 % more energy than fixed speed operation. The wind turbine is regulated to capture the maximum wind power. The task of wind turbine control system is to keep the rotor shaft speed and active power at set level. The system typically consists of speed regulator, power regulator & blade pitch regulator. The wind turbines are dependent upon airflows which are subjected to weather conditions & local effects. This results in the variation of primary energy over which the turbine has no influence. Thus due to the uncontrollable natural characteristics of wind speed and the large size of wind turbine, it is very difficult to perform the experimental study in laboratory (Yaoqin Jia,et al ,2007) . As a result, a great deal of research has been focused on the development of wind turbine design in order to reduce the cost of wind power and to make wind turbine more economical and efficient. Wind energy conversion system involves high performance wind turbine simulator for the development of control system. To enhance the power quality of wind energy conversion system the wind turbine simulator is used as a necessary tool in research laboratories. The wind energy conversion system simulates the steady state wind turbine behaviors in a controlled environment without dependence on natural wind resource and actual wind turbines (Hossein Madadi et al 2004) . In past few years, there has been much research going on to develop the wind turbine simulator which mainly focuses on aerodynamic model of wind turbine rotor (Seman slavomir et al ,2006 and Mansuri M.N et al ,2004) . Different types of machines have been used to emulate the turbine shaft; both the induction and DC motor have been used in wind turbine simulators (A.A.C. Nunes et al, 1993) . The common wind simulator is based on the DC motor with current control as a prime-mover. The armature and field circuit was controlled so that the dc machine generates static characteristics of a constant pitch wind turbine. However this simulator is unattractive due to the use of large size of DC motor, frequent maintenance and more expensive (Weiwel Li, et al, 2007) . The real wind system simulator with control strategies having output torque using induction motor was presented to give torque-speed curve of actual wind turbine (C. Nichita et al, 1998) . The wind turbine model and controller were developed on a 'C'-language platform (Hossein Madadi et al, 2004) .The emulator of wind turbine generator using dual inverter controlled squirrel-cage induction motor, which consist of two inverters, one as a prime mover and other as a variable speed generator was presented based on DSP processing (Varin Vongmanee et al ,2009 ). The virtual model for prediction of wind turbine parameters was presented (Andrew Kusiak et al,2010 and Bunlung Neammanee et al ,2004) .The wide range of wind speed with variable induction generator to enhance the power industry is expected to dominate the wind energy conversion systems. This area requires more investigation; hence the laboratory simulators are required.
In this paper, a three phase inverter with volt/hertz control approach of induction motor is used as a wind turbine simulator. The induction motor drive is controlled using the measured shaft torque from speed estimator. The proposed wind turbine simulator is achieved by close loop control of rotor speed ( r ω ) and torque control. A maximum power point tracking method including feed forward and feed-back system is represented to improve the efficiency of wind power conversion (A.B. Raju et al,2004) . The power-speed pattern of wind can be generated from the data base or from actual recorded wind speed data or from manual set-up. The proposed simulator determines the wind turbine characteristics at various wind speed and loads characteristic for various rotor speed.
The paper is organized as follows: The structure of variable speed wind generator system is organized in section II and wind turbine simulator of laboratory in section III. The model of wind turbine is presented in section IV and model of induction motor in section V. The section VI describes the design of controller. Section VII shows the implementation of experimental system with the conclusion in section VIII.
Wind Energy Conversion System Structure
The wind energy conversion structure is analogues to the based on the field system. Typical wind energy generating systems are classified as fixed and variable speed.
Conventional fixed speed wind energy system:
In conventional fixed speed type the wind turbine is directly or with gear is connected to grid as shown in Figure 1 . The wind energy generating system has a supervisory control system located at the main level and turbine control system for power & speed control. The functions of supervisory control system are as -• To generate reference signals sequentially for the power & speed control system for the wind turbine generator system to pass from one operating state to another.
• To perform the protective function. The turbine control system acts on turbine and its purpose to-regulate the torque, smoothen the wind turbine output power and to damp the electromechanical oscillation.
• To protect the costly mechanical equipments.
Generally both the control systems are utilized in such a fixed type wind energy conversion system.
Variable speed wind generating system:
A variable speed wind generating system connected to the grid is shown in Figure 2 . In variable speed type grid connected wind energy conversion system has rectifier on generator side which converts the generator voltage or current to a dc link. Thus controls the generator operation and the wind turbine. The dc link decouples the grid frequency and generator frequency. The performance of dc link is influenced by the voltage and current level within it. The grid is supplied via the inverter. Thus the system has speed regulator, power regulator, pitch angle regulator and inverter controller as the main controller during power system operations.
System Modeling

Wind turbine model:
Wind energy is the kinetic energy that is of large masses of air moving over the earth's surface. The blades of the wind turbine receive the kinetic energy, which is then transformed to the mechanical or electrical forms depending on end usage. The efficiency of converting wind energy to useful energy form depends on the efficiency with which rotor interacts with the wind streams (Mihel-Popa et al,2004) . The kinetic energy of a stream of air with mass m and moving with velocity V is given in (1).
The kinetic energy of an air stream available for wind turbine having cross section area A and mass m that is equal to ρν and moving velocity V w is given in (2).
Where the ρ is the density of air and v is a volume of air portion available to the rotor. The power from the wind is the kinetic energy on which the air is interacting with rotor per unit time has a cross section area A, can be expressed as (3). . It is seen that effect of wind velocity is prominent to cubic relationship to power. However, wind power cannot be fully converted to mechanical power, so the power at the shaft is given in (4). This ratio is called tip speed ratio λ and is given as (5). Here R is the radius of turbine in meter and r ω is the turbine angular speed. The maximum C p is 0.59, thus the maximum power that can be realized from wind system is 59% of the total wind power .The value of C p is also a function of a pitch angle β . The change in β will affect the lift and drag forces acting on blade, thus modifying the output power. In this paper fixed pitch angle is considered as it is for small and medium sized turbines. 
Therefore C p depends on λ . In practice wind turbine is characterized by non dimensional curve of coefficient of performance C P as a function of tip speed ratio λ and shown in Figure 4 and Figure 5 respectively. • Saturation and parameters are neglected.
• Core losses of the machines are neglected.
• The impedance of magnetizing circuit is considered larger than the stator impedance. Where J is the rotor inertia. The equation shows the relationship between rotor current and slip frequency at a given flux which is constant in constant torque operating region.
Implementation of Wind Simulator
The simplified structure of wind simulator in the laboratory is realized by replacing the turbine rotor, gearbox, supervisory control system with volt/Hertz control of induction motor. The three-phase IGBT inverter and induction motor behaves like a real wind turbine in steady state as shown in Figure 3 . The simulator comprises of an induction motor that is controlled to simulate the torque-speed characteristics of actual wind turbine. The manufacturer emphasizes to control the output torque of motor according to wind profile situation and rotating speed of wind turbine. Thus wind turbine simulator is to initiate the external characteristics of real turbine. At a given wind speed, the operating point of wind turbine is determined by the intersection between turbine characteristics and load characteristics. The monitoring and control is developed to facilitate the experimental study in the laboratory. The constant Volt/Hertz principle is used to provide controlled slip operation in order to reproduce the turbine characteristics. The wind speed signal for the simulator is supplied from wind profile which can be obtained from the measured wind data from site. The simulator has an outer loop speed control and a PI regulator that generates slip which is added to the shaft speed to generate the stator frequency command. The frequency command e ω also generates the voltage command through Volt/Hertz generator. If this ratio is kept constant, the stator flux will remain constant & so the motor torque will only depend on slip frequency and permits the fast response of the drive. The machine terminal voltage can also be programmed through lookup table. The inverter fed induction motor receives both the input e ω & Vs, which commands a three phase sinusoidal generator by pulse -width modulation in the inverter. Thus the system of wind simulator can be used for researchers for their studies on wind turbine drive trains in a controllable test environment in the laboratory.
Controller and its design-
A shaft mounted speed encoder is used for a closed system in scalar control. It is possible to estimate the speed signal from machine terminal voltage and current with the help of DSPACE/DSP. The digital controller synthesizes the control input (14) and (15). In this scalar control, speed signal r ω is directly available as a control variable. Thus the speed estimation gives torque speed control signal for the operation of Volt/Hertz control.
System parameters
The experimental parameters for the laboratory setup are given in the Table. I
Experimental Wind Simulator
The experimental wind simulator consists of:
Laboratory simulator system:
The laboratory wind turbine simulator model is developed as shown in Figure 8 and the results are plotted.
The hardware consists of- • Three phase squirrel cage induction motor 2.2kW/3HP, 1400 rpm. 50 Hz.
• The speed signal from encoder is send to the Volt/Hertz control of inverter via a data acquisition interface circuit inside the circuit board. Wind data simulation software program can be developed and implemented by using d-SPACE board. The algorithm can receive the rotational speed signals from the encoder and torque on the motor can be controlled using volt/Hz control.
The experimental simulator is used for the determination of wind turbine characteristics for different wind speeds and figures were obtained keeping the field current and field voltage of generator constant in the experimental setup and is shown in Figure 9 . The result verifies that the simulator can reproduce the steady-state characteristics of a given wind turbine as shown in wind turbine model. 
Low wind speed
High wind speed
It is seen that the output voltage of a generator is proportional to its rotating speed and the maximum output power is also proportional to output generated voltage for various rotor speed which is plotted in Figure 10 . 
Conclusion
The experimental wind turbine simulator for wind generating systems is presented for the determination of characteristics of real turbine for various wind speeds. The practical simulator can use the algorithm of available site wind data for the researchers in laboratory to enhance the quality of wind turbine conversion system. The advantages of the simulator can be incorporated as desired in control strategy and in supervisory data control system. In comparison the DFIG control is tied to the rotor only and the slip power is processed. The DFIG is not as rugged as that of squirrel-cage type, the brush has wear and sparking when compared with induction generator. In DFIG only part of power production is fed through power converter. Now a day's converter technology is matured for high power production. The developed simulator is simple, low cost and designed for volt/Hz control and operates on high performance d-SPACE board. The experimental results are plotted for the power characteristics of wind turbine and are matched with steady state wind turbine characteristics. 
